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FOREWORD

Aatomatic dishwashing compound dispensers simplify mechine dish-
washing cperations by automatically maintaining a relatively constant
and optimum concentration of wvash solution. Laboratory experiments
were porformed to answer questions about the operation of automatic
dispensers on Army divaweshing mechines. These experiments were ccocerned
with the adjustment o.' the control unit of these dispensers when changing
frox one dishwashing corpound to another, and with the effect of changes
in the tempersture of the wash solution.

These tests have contributed to a better understanding of the
probleme attending the use of automatic detergent dispensers.
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ABSTRACT

Laboratory experiments were performed to gain additicnal information
about the operation of automatic detergent dispensers on Army dishwashing
machines. Investigations were directed at determining when dispenser
control units should be adjusted and how they are affacted by the chemical
composition and concentration of dishwasbing compounds and by the temperature
of the dishwashing aolutions.,

It was determined that the dispenser need not be re-sdjusted when
changing from one specification dishwashing compound to another, providing
both conform tc Federal Specification P-D-425. However, when changing
from one commercial product to another, the control unit should be
re-adjusted. AdJustment should be mede while the eloctrode is immarsed in
a soluticn of the new campouad prepared at the deeired concentrafion and
maintained at a temperature between 150° and 160°F. (65-T1°C.).

Th: expsriments alsc showed that the temperature cf the wash solution
should be kept befween 15G°F. and 160°F. (65-71°C.). If the temperature
remains below 150 F. (65 C.), the autonatic detergent dispenser will
maintain the solgtion at an excessively high concentration. At temperstures
above 160°F. (71°C.), the concentration wil. be too low.

It was also determined that the titration factor to use with tha
General Services Administrution (GSA) detergent test kit (supplied with
the GSA sutamatic detergent dispinser) should be checked by titrating
a 0.20 to 0.25 percent solution of the dishwashing compound. This factor,
when determined, should be used in subsequent determination cf sclution
conceatration.
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: I. INTRODUCTION

Many of the dishwashing machines in Army resses are equipped with
3 automatic deteyrgent dispensers. The purpose of these lispensers is

3 : to simplify the dishwashing cperation by autamaticelly dispenzing

' and maintaining & relatively constant wnd optimum concentration of
dishvashing comound in the wash solution of the dishwasher., Prior

to the installation of these dispensers, or when the dispenser is

not operating properly, the disnwashing compound is manually added

to the wash solution by the dishwashing imachine operator. If these
additions are not made at regular intervals, unsatisfactory cleaning

f and inadequate rinsing could result. Tahlawvare froquently is washed

E by hand and rinsed and sanitized inthe dishwasgher because the wash

] cycle of the dishwasher is not working properly. The installation of
: an automatic detergent dispenser on a dishwashing machine does not
guarantee good cleening. In addition to maintaining the dishwashing
machine in good working condition, the wash solution must be msinteined
within the optimum temperature range. The setting of the control-
signaling unit of the detergent dispenser must be periodically checked
to maintein the proper wash solution concentratios.

TR T

This report includes tests parformed by U. S. Army Natick Laboratories
to determine the concentration of different dishwaghing compounds ia
wash solutions at temperatures between 120° to 180°F. (49° to 82°C.)
vhen the detergent dispenser control is on one setting.

II. EXPERIMENTAL SECTION

A. Test Dishwashing Campounds -« The dishwashing compounds used in
thesa experiments ere identified in the Code Sheet.

They incliude the following specification and commercial products:
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Cole ¥o.

D-1
D=2

D-3

D=5

D-7
b-8
D-9
D-10
D-1).
D-12

B,

Class of Product
(Federsl 8tock Ho.
or Comssrcial)

7930-985-6899
7930-269-12" 7
7930-985-6906
7930-985-6899
Commerciel

7930-269-X278
7930-267-4932
7930-205-1387
Commurciel

Casmmercial

7930-985-6905
7930-985-5905

Test. Equimment

Specification
Ro. and Type
P-D-425, Type I
P-D-425, Type I
P-D=425, Type I
P=D-425, Type I
P-D-425, Type II
P-D-i25, Type II
P-D-425, Type II
P-D-435

P-D-b35

For Uea in
Soft-Hard
Water

Soft
Soft
Boft
Soft
Soft
Soft
SoTt

An sutomatic detergent dispenser, listed as FSN 7320-011-1699
in the GSA Federal Supply Catdlog. was used in the tests (Procedure 3 -

Appsndix A).

This dispenser, identified as Solu-Matic Model 2k
mepufactured by Econcmics Leboratory, Inc., includes a detergent

reser/oir, & solenoid valve to be inserted in the Lot water line leading

into the reservoir, an elesctrical control with a signeling device,

and » wash solution electrode (comductivity cell).
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The dispsnser's control vnit activates a buzzer and opens the solenoid
valve vhan the conducltivity or the concentration of ths waeh solution in the
dishwegher is bzlcw the pre-sst velue. When the solencid is activatad,
hot water flowas into the Jatergepnt reservoir dissclving some of the dish-
washing ccapound and this detesgent Solution flows into thes wash tank.

Tha solutica cof dlshivashing owpound flows from the reservolir into the

. y#sh poluticn until the conductivity satiafies the control unit setiing.

When the buzzer sound for meome them 1520 seccnds, s red light sppears
and stays on, indicating vhat tbe reservoir is vwoid of dishwaching compound.
The cperator must then add powiered detergent to the resex -~ir,

C. Laborstory Txper-mevic

(1) Experimont No. 1 - Conductivities of Solutions of Dishwashing
Compounda, Alkelis, Alkaline Selts gpd I'autrel Salts

Machins dishwashing corcpounds are mixtures of Jdkaline compounds,
princivaily, sodium salts ¢ phosphates, silicates, carbopates and sodium
hydroxide. Dissclved ia veber, these compoinds are highly ionized. The
electrical donduwe tivity of sclutionas of dishwashing compounde 1is uged as &

- measuye of their comcentration. However, the ~ompositions of coume.cial and
. Tederal specification dishwashing compounis-exe known to differ from each

othar in the proportions of these alkaline caxpounds and the conductivity
of their solutions.

Questions cobceraed with adjusting the control setting of
detergent digpersers were:

(a) Is it aecessary to change ‘aese setiings when using
Pederal Speci fication P-D-425 dismwaghire campounds, but changing from
one lot to an:thex, or chanying from oae mavufaciurer's product to another
company's product? '

(b) Do minor variations in the chemicsl composition of

- dishwashing compounds greatly affect the conductivity of their solutions,

#o that changes in the control setiings axe required?

To answer thase queatious, ssveral experiments wois parformed. In one
experiment, tha Solu-Matic Model 24 Destergent, Dispensar coutrol
unit was 4justed %o bugz for 11-.13 seconds (Tast Procaduve 3, Appendix A)
vhen ths =lactrodes wre mae* yz 8 o2 vsrmnt 2olvtion of sodium
chloride (Macl) st 145" + 2 F. (65 + Sclutlons of four Type I
ccupounds (P-D=425), three Tups II coz;osmds (P-D-U25), two P=D-435 compounds,
acd three coumercisl disbvsshiug ccmpeunds (D5, D9 and D10) were prepared
at 3 concentration to equal the conductivity of the 0.2 psrcent NeCl

- golution. Tus concestyetiocn of thess solutions was dstarmined by titration

(Test Procedure JA, Appenlix A) end is recorded in Talle Y. Total alkelinity
veluas (percest Na,0) anl pE vuluaes of 0.3 percent sciutions of thess com-
pounds ere inclwdad in thic 4able. The cozrentraticn of solutions of Type 1
compoumle veried frar 0.25 o 0.28 pewvcany, for Type IT compounds from 0.2%
to .25 porcant. Toa coantzuiion of %he molutions of dishwashing compounds

3
Reproduced from
best available :opy.
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D5, DS and D11 {one of the F-D-%35 coupounds) was in & Jower range : 0,22,
0.19 azd 0,20 percont, respectively, Theszs three compounnds eontein caustic
sode (NaOH); the others do fot.

In anpther experiment, solutions of caustic anda, elkaline salts,
and sodiue sulfate wers nreperel Lo concontrations so as to eqoual the
conductivity ¢? C.2 nmeresnt sclution cf sodimm chloride «% 149 + 2°F.
(65° + 1°C.), Tue concentration of theas solutions was determined by
weighing the recuiting solution znd determining the weighi of salt used to
prepare the solutions, Theas soluilons ranged in coaceniration fiam 0.06
percent for MaOE to (.01 porcent for reguirs borax (Teble II). Inapection
of thess dats show that there iv ro direct relationship betweun the con-
ductivity of the solution, thvw alkalinity of the sslt, end the pH of a
golution of the salt. Tie tvo most alksline materials (csustic sode and
sodiue orthosilicata) requiring the least concentration to yroduce & solution
of the required conductivily yleld large quantitiacs of hyiroxyl icms
(0E") by ionization. With the exception cf the proton (H+), the hydroxyl
ion has the greatest conductivity of all the incrganic long. The coun-
ductivity of waler solutions of salts and slkaline chemicals depends
upon the dsgrae of dissociation into ilons, the conductivity of the ions
produced, and the dagres of hyivolysis to form veak acids and hydroxyl
ions. These aftects are additive and the sum of these effects detexmines
tha conductence of the solution.

(2) Experiment No. 2 - Solution Concentiation end Conduut .vity

In encther experiment, 0.1, C.2 ard CG.J percent solvtions of
four dishwashing compounds, D1, 6, D9 and D10, were preperecc. The exact

~concentratione wera determined by analysis. Conductivity measurements of

these solutions ware parformed at & temperature of 140°F, (60°C.) in
accordance vith Teal Procedure 3, Appendix A. Solutions 0. sodiww chioride
vere prepere. to meteh the conductivily (seme response to control-signaling
uit) of these dishwashing solutions. The conceatration of sodium chloride
solutions An terms of ppm Nall was detaruined aa outlined in Test Procedure 2,
Appendix A. The results are shown in Table III and graphiicaliy expressed in
Figure 1. When solutions concentrations are plotted against solution
conductivities in teorms of ppw Mall, three straight limes are obtained;
Commaredsl 09 and GSA Type IX icﬁ) cazpounds are on separste lines and
Commercial D10 and GSA Type I (D1) compounds exre oa the third line. The
test date show that there is mo diroet reletionsiaip betwsen the conductivity
and the alksalinity of a dlshwashing solutioa.

(3) Reriment Fo. 3 - Solution Teuperaturs and Conductivity

Question: When the concentration of & dishwsshing compound
iz & wvash solution 1g conirolle’ by an aatometic detargert dlaspenser,
how 1is the coaceniration affected dy chaaged in the leuperature of the
wesh solution?

A 0.2 parcent moludion of GEA™Tpa IT (15) dlshwmabing compovna vas
prepaced:and heetsd to s tampavetiure of 150°P. (T19C.). Tas coztrol-
signaling unit or the detergent dispensey wes adjiwted to dusz for 11-13
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CONDUCTIVITY OF SOLUTIONS OF DISHWASHING COMPOUNDE#H

Dishwashing Dishwashing Ccmpound Solutions
Cemrpound Concentration Conductivity Expreszed
Code No. Percent by Weight (1)  As ppm Sodium Chloride (2)(3)
D-1 0.1 980

D=6 0.1 1020

D-9 0.1 1350

D10 0.1 890

D-1 0.19 1700

D-6 0,20 2040

D=3 0.19 2850

D-10 0.20 1770

D-1 0.30 2560

-6 0,30 3170

D-9 0.27 3620

D-10 0.29 2540

% Solution Temperature: 1:0°F. (6000.)

(1Y Procedure 1A, Appendix A (methyl orange end point)

(Q) Precedure 3, Appendix A (conductivity control unit of detergent

Aispansar)
{3) Procedure 2, Appendix A
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seconds when the slectrode was lmmersed in this solution. Using this
cetting and following Test Procedure 3; Appendix A, other solubtions
of GSA Type II (D6) Qishvmshing cowpound were mpa.rad to give tha same

ase st solution “emperatures of 120°F, {49°c.) ; ILO"F‘. (69°c.) snd

. {82°C.). Taese dishwashing solutions weiw tiiratad with 0.5¥

sza% » and the conceatratiorn wes determined in accorriame vit: Test Frocedure
1A, Appendix A. A similar test was performe. using dishwashing compound
cxmerciel DO, The results listed in Table IV and graphed in Figures T and III
show that as the solution tempereture incresses tlie conductivity increwses.
Thus, as the conceniration of the dishweshing compound decreases the
control will not call for more compound to be added to ths wash vater i
becauss of the incroased conductivily caused by the increase in solution !
; temperature. The r¢sulies show the iwportence of maintaining the dlshvashing
3 solution at the proper temperaturs for effective cleaninz and subse yueant
5 | rinsing as wsll as for econumy.

R T
T

N

(¥) Experiment Fo. 4 - Titration Procedures for Dﬁtamig;ng Solution
k! COncontrat:lon of D:lshwashmg Coxpounds

The autazatic detergent dispeaser purchased from the Ceneral
Services Administration contained & titration kit for detarminipg the

; concentration of disieshing solutions based on alkalinity. A 5 ml.
sample of waslk solution is titrated with en ecid soluticn te & phenolph- ,
taalein end-product. The directions stete that esch dirop of titrating {
acid is equivelent to 0.0l pexcent of the dishwashing compound. A
comparison of the resulis obteinsd using NIABS Test Methnd Frocedures 1A
and 1B and the GSA Kit Test Procedures 1C (Appendix A) is showa in Twble V.,
In every case, the conceatiation values obtained with ths GSA kit avre lower
than the walues chtained by the NIABS meiliods. Dishwashing compounds are
not squal in ailkaliniiy snd a single titration factor®*is not epplicable

to all compounds., Low or errcnecus titration values ar= cdiained with the
GSA kit when diebwsshing campounds coataining an oxidizing blesch 23w tested
i because the color of the indiceator will disappear during titration. The
method ueed by NIABS required that several crystals of sodium thiosulfate

be dissolved in the assmple scluiion defore sdding the color indicator. The
= eodium thiosulfats reduces the blesch before it caz reect with the color

] indicator.

P A

-

Lol i e e st S R

: ¥ Ons drop of CSA ecid soluiii eguuls 0.0 percent distwaghipg compound.

. aniiard b i A OIS i




T T e I

b el

AR T e

Dishwashinyg

Compound
Code Ko,

D-6

D-9

(1) Procedure 3, Appendix A
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TABLE 1V

DISIWASHING COMPOUND SOLUTIONS - CHANGES IN SOLI“TON
CONCENTRATION AND TEMVERATURE TO MAINTAIN COKSTANT COND\CTIVITY

Dishwashing Solutions - Constent Con:uctivity h
and Chansing Concentration ]Percent by Weight 12{
Solution Temperatures - °r. (°c.)
1207, (49%.)  180°r.(60°c.)  160°F.(71%.)  18°F. (82°.)
0.29 0.24 0.22 0.17

0.27 0.22 0.19 0.17

(2) Procedure 1A, Appendix A !
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III. CONCLUSIONS

Thess tests indicats that the control setting on autmatic
detergent dispensers need not be adjusted cach time vhen changing
from one lot df dishwashing compound te another or from onz manufscturer's
product to another company's prodwet, providing the cosmpound mests the
chemical requirements of Federal Specificatior P-D-i25, However,
should ths dishwashing compound contain caustic szods, and the current
specification P-D-L25 does not exclude cnustic soda, 1t would be nsceasary
to adjust the enntrols in order to obtajn the desired concentration.
Consideraticn rhould be given to inclwdieg in & revision of P-D-k25 a con-
ductivity requirement for solutions of dishwashing compoundes. When
changing from cas comrerciel dishwashing compound to another, 1t ls
necessary to makbs up the wash solution at the desired concentration and at
a temperaturs between 150° and 160°F. (65° and T71°C.) and to aljust the
detergent dispenser controls sccordingly. The same ¢an Le sail sbout
ths use of Federal Specification P-D-k35 eampounds on tha bas’s of oup
limited experience with this product,

When dishwashing machines ere squipped with sutoxatic detergent
diepensers, it is necessary to maintain the wask solution within a
tempersture range of 150° to 160°F. (65° to T1°C.) to obtain a relatively
constant concentration of dishwashing compound. If the wash solution
temperatures fall below this range, the washing sclutiocn mey become too
strong to rinse completely from the tsbleware and the consuwmption of
dishwashing ¢ wd will be excessive, If the wash solution temperature
exceeds 160°F. (71°C.), the washing solution may become too veak to
sdequately clean tableware, The controls of dstergent dispensers are
sctivated by electrolytes such as salt {NaCl) &s well as by the slkali
apd alksline salta iu dishwashing compounds. For this reason, salty
foods gshould be thoroughly rinssd from tableware dw ing the pre-~flushing
operatiop, so that the detergent dispenszr will bs cble to maintain the
washing sciution st the proper strength.

Low concentration values were cbtained with ths GSA titretion kit
because the fector (1 drop equals 0.01 percent detergent) dous mot apply
to all dishwashing compounds. When titrating same strongly alkaline
dishwashing compounds, the factor might have to be changed to 1 drop
equals 0.005 percsnt detergent. Lov values were obtrined with this kit
because of the presence of a chlorine bleach in some of the dishwashing
compounds. Bleach decolorizes the phenolphtbalein indicator and a felse
end-point 18 reaclied before the alkali is neutralized.
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AFPENDIX A - TEST PROCEDURES

1. Msthods for Determining the Caméntmt;lon of Ddishwvashing Solutions l

1A - WIABS METROD (METHYL ORANGE INDICATOR)

Lo S

Into a 300 ml. Exrlemeye:r flask, pour 200 ml. of the dishwashi t
solution. Dissolve several crystals of sodium thiosulfate (NapSp03) in !
this solutio)., then edd several drops of mekthyl oranges indicator solution.
Titrats tois solution with C.5N sulfuric acid. Record th2 mimber cf
milliliters of standard scid required to neutralire the alkali. Calculste
ths concentration of the dishwashing ccmpound:

Concentration, Parcont by Welght = 9# |

vhare: A = ml. of U.5N EpSO4

F = Factor = ml. of O.5N HpSO, required to titrate 0.6 grem#
dishwasting compound to methyl orange end-point

#* TPactor (F) is dstermined by dissolving & 60.0 grsm sample of Aishwashing
compound in distilled water and diluting to 1 liter. A 10,0 ml. aliquot

is then diluted to 200 ml. with distilled water (200 ml. contain 0.6C grams
of aishwashing compcund) and titrated with 0.5N HpSC, to a msthyl crange
Onﬁ-point.

Factors {F) for some of the dishwashing compounds are:

Factors to Use
¥With Iadicators

Dishwashing Compound Phenol- methyl

F8N _1930 s Manufacturer Type phtbalein orange
985-6899 Wash, Chem, Sales I 7.0 12.9
269-1277 Independ. Chem X 7.9 1k,
985-6906 Solvantol Chem. I 7.1 13.2 |
9685-6899 Ivdspend. Chem. I 3.2 %.3
Inpact Economics lab, - 3,8 12.6
269-1273 Wash, Chsmn. Sales IX 9.7 16.0
267-4932 Sclventol Chem. b 9.6 15.5
205-1387 DEY, Inc. 11 9.8 4.7 i
Score Beonomics Lab. - 114 17.2 |
Kloro-Kol DuBois Chem, - L8 9.2
985.5905 ?; Wesh. Chem. Sales ~- 9.5 2.4
%5-6%5 2 W&Bh. Chﬁl. Sal@’ - 8.6 1“02

(1) B135770 P-D-435

(2) BUNOTTO P-D-b35
15
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1B - NIABS METHOD (phenclphthalein iadicator)

The procedre 1s identicsl witkh the 1a Method, except that the phenol-
phthalein indiostor sclation is used in place of methyl crangs. The factor
to uss in calculstion concentratior of disbwashing solution is shown in ths

sbors tabls.
1C = FIELD METHOD WITH CSA TITRATION KIT

The titration ki1t supplied with .the detergent dispenser consists of
two dropping botiles (oms with ar scid solution and the other with a
vherolpbthalein isdicator scluticn) epd = glase vial with s 5 ml, graduvation
mark,
Instructicas provided with the kit are as follows:
8, Fll visl to linme with detergent solutiom.
be Add 1 drop of indicator;
cs Titrate with ecld solution until pink color disappeexs.

d. Bachk 10 dropa of the secid solution equals approximately 0,1 perceut
of detergent.

2. METHOD FOR AWALYSIS OF SODIUM CELORIDE SOLUTION

Pour 100 ml. of the scdium chleride solutioun into & 300 ml. Erlemeysr
flesk. Add 1 ml. of potassium chromate indicator solution (a 5 percent
solution of KxCr,0) and titiate solution with & C.1N silver nitrate solution
to a faint, dut distinet color change. Calculate the concertration of
sodiumm chloxide, KaCl ppm as follows:

Concentxation, ppm NaCl = 585 x SXN
vhere : 8 = ml, of Ag N03 soiution

N = poreallty of Ag N03 solution

15
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3. METHOD FOR PREPARING SOLUTIONS OF DISHWASHING COMPOUNDS OF FQUAL CONDUCTIVITY

e foilowing procedure was used to prepare solutione of dishwashing
compound of equal electrical ccou-luctivity.

Prepars a liter of dishwashing solution of known concentration. Transfer
the solution to a wide-mouth glass jar (1 liter capacity) and place the jar
in & hot water bath maintained at a coutrolled temperature, When the solution
reaches the desired temperature, immerse the electrode (conductivity cell) of
the control sigpaling unit into ths solution and adjust the control unit so
that ths buzzer operates for a period of 11 to 13 suconds, The 11-13 second
buzzing periol is considered the end-point of the test. Fill a i liter, glsas,
wide-mouth Jar with distilled water to about one-half inch from top. Place
the jar in the hot vater bath, beat to ths desired temperature, and add to
this vater mmall amounts of a diehwashing compound, stirring thoroughly
to dissolve, After cach &ddition, immerse the electrode in the solution and
check the response of the signeling unit., Keep adding dishwashing compound
to the solution until the asignal buzzer operstes for a period of 11 to 13
saconds, This second solution ig corsidsrsd to be equal to the first solutioa
in conductivity.
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